The aim of the study was to characterise, quantitatively and qualitatively, the yeast microbiota found during spontaneous fermentation of grape musts obtained from the red grape varieties 'Rondo' and 'Regent'. For the research, grapes originating from two vineyards (Srebrna Góra and Spotkaniówka) located in southern Poland were used. Musts of the studied grape varieties provided a favourable environment for the growth of microorganisms. Musts obtained from fruits from the Spotkaniówka vineyard were characterised by a higher overall number of yeasts. A maximum number of cells were recorded from the fourth to the ninth day of the process, in all of the analysed musts. The growing season of 2013 proved to be the least favourable for the growth of microorganisms on grapes, which resulted in their smaller number in the batches during spontaneous fermentation. During the process, succession of different groups of yeasts was observed. It was initiated by Hanseniaspora uvarum and Candida railenensis strains, which, with the progress of spontaneous fermentation, were replaced by Saccharomyces cerevisiae strains. Metschnikowia pulcherrima and Pichia membranifaciens yeasts were identified at both the beginning and the end of the process. During fermentation, Zygoascus meyerae, Kluyveromyces lactis and Nakazawaea ishiwadae strains were also identified.
INTRODUCTION
As early as the 1980s, the first experiments were carried out to determine the percentage of non-Saccharomyces strains in grape musts (Swiegers et al. 2005) . It was demonstrated that in the early stages of fermentation these microorganisms reached a level as high as 10 7 CFU mL −1 . At the same time, it was found that such an amount of cells was required to obtain the specific, characteristic aromas of the wine. Unripe grape vine berries are characterised by a small number of yeasts (10-10 3 CFU g −1 ). However, as the fruit ripen, microorganisms multiply to reach the number of 10 4 -10 6 CFU g −1 (Fleet 2003; Setati et al. 2012) , which is directly connected with the presence of sugars. Candida, Hanseniaspora (anamorph Kloeckera), Issatchenkia, Metschnikowia, Pichia, Torulaspora, Rhodotorula and Cryptococcus species are the most frequently isolated from grape must whereas Dekkera (anamorph Brettanomyces), Schizosaccharomyces and Saccharomyces species are less frequently occurring in grape must (Jolly, Augustyn and Pretorius 2003; Rementeria et al. 2003; Clemente-Jimenez et al. 2004) . Numerous experiments have demonstrated the presence of winemaking Saccharomyces cerevisiae cultures on damaged grape vine berries, which results in these microorganisms being present in the wine (Comitini and Ciani 2005; Börlin et al. 2016) . Non-Saccharomyces yeasts identified in a grape must and during fermentation can be divided into three groups. The first one includes aerobic yeast which comprise Pichia ssp., Debaryomyces ssp., Rhodotorula ssp., Candida ssp. and Cryptococcus albidus. The second one is characterised by yeasts with low fermentation activity, including Kloeckera apiculata, K. apis and K. javanica. The third group includes the fermenting strains, such as Kluyveromyces marxianus, Torulaspora ssp. and Zygosaccharomyces ssp. At the initial stage of fermentation, in fresh grape juice, species of the genera Rhodotorula, Pichia, Candida and Cryptococcus are found in small quantities (Combina et al. 2005) . During spontaneous fermentation, succession of the most important yeast groups is observed, which involves the consecutive occurrence of representatives of the following genera: Kloeckera, Metschnikowia, Candida and Saccharomyces. This contributes significantly to the development of desired sensory characteristics of the wine. To date, numerous experiments have been carried out on the composition of yeast microbiota and the species succession on the surface of grapes and during fermentation of grape musts. However, there is little information regarding grape vine varieties cultivated in cool climate regions. By decision of the Council of the European Union of 20 December 2005, the territory of Poland belongs to the zone A (the coldest) of wine growing zones in Europe. This zone, referred to as 'cool climate' is usually characterised by an average temperature of about 15
• C in the month preceding the harvest. Despite the favourable tendency to increasing temperatures caused by climate changes, in Poland we have much more difficult conditions for growing vines than in traditional wine regions. Due to climatic and soil conditions, the obtained grapes are characterised by a lower content of sugars (usually 17%-23%), and thus a low level of alcohol, higher acidity and content of polyphenolic compounds (Lisek 2011; Izajasz-Parchańska, Cioch and Tuszyński 2014) . According to data provided by the International Organization of the Vine and Wine (OIV), the leading wine producing countries remain the Mediterranean countries of Europe, where fertile soil and mild climate favour the proper maturity of the grapes. Despite unfavourable factors, which include a shorter growing season, a shorter period of sunshine, higher humidity as well as the risk of frost, also Northern European countries increasingly produce good quality wines. It is important to constantly improve vine growing in a cool climate, to look for the right varieties, the best vinification methods, and to identify yeast strains for wine production in a cool climate (Olsen et al. 2011; De Villiers et al. 2012; Lederer et al. 2013; Aru et al. 2018) .
The quality of grapes is associated with climate, which is one of the most important factors affecting the success of wine growing, the emergence of varietal aromas, microbiological and (Aru et al. 2018; Paterson et al. 2018) . The aim of the study was to characterise, quantitatively and qualitatively, the yeast microbiota found during spontaneous fermentation of grape musts obtained from the cool climate red grape varieties 'Rondo' and 'Regent'.
MATERIALS AND METHODS

Grapes and spontaneous must fermentation
Grapes of two red grape vine varieties ('Rondo' and 'Regent') from vineyards in two localities in southern Poland (SrebrnaGóra-50
• 2'N, 19
• 50'E and Spotkaniówka-49
• 53' N,
21
• 52'E) during two consecutive vintages (2012 and 2013) were used in the study (Table 1) . The Rondo and Regent grape varieties are used for the production of red wine. These varieties are very popular in Poland. They are relatively resistant to frost and diseases. Their fruit pulp is juicy, with a raspberry aroma. Ten bunches of mature grapes were gathered from several grape vines within a subarea of each vineyard (100 m 2 ). Then, berries were randomly selected (500 g), placed in sterile 500 mL flasks and pressed until juice covered the fruits. The flasks were closed with airlocks filled with glycerol. Fermentation was carried out for 28 days at a temperature of 20 • C (each in triplicate).
Physicochemical characteristics of grape musts
The pH, overall acidity and sugar content of fresh musts were determined. Determination of sugars was carried out using a Shimadzu (Japan) NEXERA XR apparatus with an RF-20A refractometric detector. The separation was carried out on an Asahipak NH2P-50 250 × 4.6 mm Shodex column (Showa Denko Europe, Germany), thermostated at 30
• C. The mobile phase was acetonitrile (70%), and the isocratic elution program (0.8 mL min −1 ) lasted 16 min.
Other analyses were performed in accordance with the official International Organisation of Vine and Wine methodology (OIV 2012).
Yeasts enumeration and isolation
For the quantitative determination of yeast microbiota during spontaneous fermentation of grape musts, Wallerstein Laboratory agar (WL Agar; Biocorp, Poland) was used. Hanseniaspora strains were identified based on their morphological characteristics (assessed macroscopically and microscopically).
One millilitre samples of the fermenting musts were taken under sterile conditions on day 0 and the 1st, 2nd, 3rd, 4th, 6th, 9th, 13th, 18th, 24th and 28th day of fermentation. Serial decimal dilutions in a physiological saline solution (10 0 -10 −8 ) were prepared from the samples taken. Each dilution was inoculated in six replicates on Petri dishes with WL agar or Yeast Nitrogen Base (YNB) medium with L-malic acid (12 g mL −1 ) (Sigma Aldrich).
To avoid bacterial growth, 100 mg L −1 of chloramphenicol was added to the media. The media were incubated at 28
• C for 5 days, which was followed by a macro-and microscopic evaluation of the grown colonies and the determination of their count. Colonies with different morphologies (size, shape, colours) were randomly selected for identification and streaked on Sabouraud Dextrose with Chloramphenicol LAB-AGAR (BIOCORP, Poland) to obtain pure cultures.
DNA extraction and RAPD-PCR analysis
The total yeast genomic DNA was isolated from pure cultures using a commercial kit, Yeast Genomic Mini AX Spin (A&A Biotechnology, Poland), following the manufacturer's instructions. The RAPD-PCR reaction mixture (50 μL) contained 1 x OneTaqStandard Reaction Buffer, 200 μM of each dNTP, 1.25 U of OneTaq DNA Polymerase (New England Biolabs), 0.2 μM of M13 primer (5 -GAGGGTGGCGGTTCT-3 ) (oligo.pl, Poland) and 2 μL of extracted genomic DNA. Amplification was carried out in a MultiGene Mini thermocycler (Labnet International) using the following thermal programme: initial denaturation at 95
• C for 5 min, 35 cycles (95 • C for 1 min, 36
• C for 1 min, 68
• C for 2 min) and a final polymerisation step at 68
• C for 7 min.
PCR products were separated on 2% (w/v) agarose (Lab Empire, Poland) gels in 1 × TAE buffer with ethidium bromide (Sigma-Aldrich) at 100 V for 60 min. The gels were visualised on a UV transilluminator and photographed on the gel documentation system Felix 1010 (Biostep, Germany). Band positions were analysed visually and compared to a molecular weight marker, 100-1000 Ladder (A&A Biotechnology, Poland).
Amplification of the 5.8S-ITS rRNA gene region
The 5.8S-ITS rRNA gene region was amplified using PCR with primers ITS1 (5 -TCCGTAGGTGAACCTGCGG-3 ) and ITS4 (5 -TCCTCCGCTTATTGATATGC-3 ) described by White et al. (1990 
PCR-RFLP analysis
The amplified rRNA gene region (5 μL) was digested without further purification with 1 U of restriction endonucleases CfoI, HinfI and HaeIII (Promega) in a 12.5 μL reaction volume using the manufacturer's instructions and conditions. The resulting region of the 5.8S-ITS rRNA gene and digested fragments were separated on 2% (w/v) agarose gels in 1 X TAE buffer with ethidium bromide at 100 V for 60 min. A DNA molecular-weightmarker,100-1000 Ladder (A&A Biotechnology, Poland), was used as a length standard.
5.8S-ITSrRNA gene region sequencing
The amplified product of the rRNA gene was purified using Clean up AX (A&A Biotechnology, Poland) according to the manufacturer's instruction and submitted for sequencing to Macrogen Inc. (Netherlands). Species identification was achieved by comparing processed sequences with those available in the GenBank database using the basic local alignment search tool (BLAST) at http://www.ncbi.nlm.nih.gov/BLAST/. Percent homology scores were generated to identify yeast isolates. Sequences were deposited in the GenBank NCBI database with the following accession numbers:MG971244 (Zygoascus meyerae), MG971252,MG971255 and MG971265 (Hanseniaspora uvarum), MG971247, MG971249, MG970690 and MG971257 (Metschnikowia pulcherrima), MG971267 and MG971258 (Candida railenensis), MH020216 (Candida oleophila), MG971259 (Nakazawaea ishiwadae), MH020215 (Saccharomyces cerevisiae), MG971263 (Kluyveromyces lactis) and MG971251 (Pichia membranifaciens).
RESULTS
Yeast population kinetics
The study revealed great quantitative variation in microbiota between the two vintages. The grapes from Spotkaniówka and Srebrna Góra vineyards were each characterised by a comparable count of yeasts in fresh grape juices during the studied seasons (Figs 1 and 2). During the first 2 days of the fermentation, an increase in the yeast population in grape musts was noted. The average content of yeast microbiota in 2012 in the must obtained from fruits from both Spotkaniówka and Srebrna Góra vineyards did not differ significantly and ranged from 2.8 × 10 7 to 1.9 × 10 9 CFU mL −1 . In the season of 2013, the count of yeast population ranged from 3.9 × 10 3 to 1.5 × 10 4 CFU mL −1 (Figs 1 and 2 ).
In the must obtained from the 'Rondo' variety from the Spotkaniówka vineyard, the maximum number of yeasts occurred between the 6th and the 13th day of the process (6.2 × 10 8 -6.3× 10 10 CFU mL −1 ). At the same time of the process, a slightly lower content of yeasts was detected in a fermenting must of the 'Regent' variety originating from the same vineyard (3.7 × 10 8 -9.2 × 10 9 CFU mL −1 ). Grape musts obtained from grapes originating from Srebrna Góra vineyard contained a 10 times lower number of yeast cells (1 × 10 6 -5.7 × 10 7 CFU mL −1 )
(Figs 1 and 2).
The batches made from grapes harvested in 2013 were characterised by a considerably lower amount of microorganisms. The highest content was noted from the fourth to the ninth day of spontaneous fermentation (9.2 × 10 3 -2.2 × 10 5 CFU mL −1 ) (Figs 1 and 2) . Afterwards, the count of yeasts remained at a relatively constant level. In the 2012 season, an increase in the number of microorganisms was determined at the end of spontaneous fermentation in musts obtained from grapes from the Srebrna Góra vineyard. Apart from determining the total yeast content, cultures on the WL medium allowed us to study the number of Hanseniaspora spp. yeasts during spontaneous fermentation. Their number in fresh juices from 'Rondo' variety during the season of 2012 was 5.1 × 10 4 CFU mL −1 , in the settings obtained from fruits derived from the Srebrna Góra vineyard. In the musts from Spotkaniówka vineyard, the count of these microorganisms was at the level of 2.2 × 10 4 CFU mL −1 . In the 2013 season, these strains were not found in the initial stage of spontaneous fermentation in the analysed musts (Fig. 3) . Already on the first day of the fermentation process, the amount of yeast began to grow rapidly, reaching the maximum of the population between the fourth and the sixth day of the process ( Fig. 3) . Hanseniaspora strains constituted to 95% of all microorganisms present in the treatments. Next, the number of cells in the analysed juices began to decrease, and from the 24th day of fermentation their presence in the treatments was not recorded (Fig. 3) . The content of strains of the genus Hanseniaspora in fresh juice of 'Regent' varieties during the 2012 season varied within similar limits as in the musts obtained from the fruit of the 'Rondo' variety. In 2013, there was a significantly lower content of these yeast cultures compared to the 2012 season (Figs 3 and 4). As in the case of the 'Rondo' variety, there was an increase in the number of cells up to the sixth day of the process. At the same time Hanseniaspora cultures reached the maximum number in all of the analysed treatments. Higher content of cells was observed in musts obtained in 2012. At that time they constituted nearly 100% of isolated yeasts. It is worth noting that in 2013, on the sixth day of fermentation, almost all detected cultures belonged to the genus Hanseniaspora (Fig. 4) . After this time, the amount of microorganisms decreased, and from the 18th day did not show the presence of these strains in the treatments obtained from fruits derived from the Srebrna Góra vineyard. Slightly different results were obtained for musts originating from grapes from the Spotkaniówka vineyard. In this case, Hanseniaspora yeasts occurred until the 24th day of fermentation.
Physicochemical characteristics of grape musts
Depending on the variety, grape musts were characterised by different sugar and acidity content ( Table 2) . Concentrations of total sugars were quite similar within the varieties and ranged from 196.3 (in 'Regent' musts from Spotkaniówka, 2013) to 219.2 g L −1 (in 'Regent' musts from Srebrna Góra, 2012). In 2013 the concentrations of total sugars in grapes were lower than in the 2012 season ( Table 2 ). The exception was the 'Rondo' must (Spotkaniówka). 'Rondo' must (Spotkaniówka, 2012) was also characterised by relatively high total acidity (11.13 g L −1 ).
Identification of yeasts
From various stages of fermented musts from two varieties of grapes, 158 (in 2012) and 75 (in 2013) pure yeast cultures were isolated.
Isolates were typed by RAPD-PCR in order to characterise the identical biotypes and to reduce the number of samples taken for further analysis. All isolates were classified into groups characterised by distinct electrophoretic patterns.
Representatives of each group of RAPD patterns were analysed by 5.8S-ITS PCR-RFLP. Ultimately, representatives of each group of RFLP patterns were identified by 5.8S-ITS rRNA gene region sequencing.
In 2012 nine different yeast species were distinguished. According to the sequencing results, the most identified strains belonged to the species H. uvarum, Z. meyerae, M. pulcherrima, C. oleophila, C. railenensis, N. ishiwadae and S.cerevisiae (Table 3 ).
In 2013, six different yeast species were differentiated. The most identified strains belonged again to the species C. railenensis, M. pulcherrima and H. uvarum. The other isolates belonged to the species P. membranifaciens and K. lactis (Table 3) .
Tables 4-8 present the percentage distribution of yeast strains isolated from different stages of spontaneous fermentation of grape musts obtained from 'Rondo' and 'Regent' varieties in two consecutive years. The cultures of H. uvarum and M. pulcherrima dominated. They were identified at each stage of spontaneous fermentation of grape musts. The species N. ishiwadae was isolated only from the Spotkaniówka vineyard in the 2012 season from fermented grape musts of both varieties. In 2013, its presence was not recorded. Also the presence of Z. meyerae was found only in musts from the Spotkaniówka vineyard in 2012, but from musts obtained from the 'Rondo' variety (Table 4) . Saccharomyces cerevisiae cultures were revealed from the 18th day of spontaneous fermentation in all analysed varieties.
DISCUSSION
Yeast population kinetics
The microbiota on the grapes is determined by a number of factors, of which the most important include the location of a vineyard, berry variety, the development stage of grape vine and agricultural practices. The use of fungicides reduces the number of yeast found on grapes, and further reduces the species diversity of non-Saccharomyces strains (Ganga and Martínez 2004) . However, in the vineyards from which the grapevine varieties discussed in the manuscript were obtained, fungicides were not used. The way of harvesting of fruits, the mode and duration of transport of grapes to the winery, and further The results marked with the same letters do not differ significantly (P > 0.05). Tello et al. 2011; Tofalo et al. 2011; Setati et al. 2012; Bagheri, Bauer and Setati 2015) . The quantitative diversity of grape microbiota between two vintages was probably associated with different climatic conditions which affected the time required for the grapes to reach physiological ripeness. Quantitative differentiation of the yeast population is primarily determined by the degree of ripeness, chemical composition and mechanical damage to the fruit. Also significant are the sugar and water contents of grapes, as well as pH (Strauss et al. 2001; Hierro et al. 2006; Zott et al. 2008) . Grapes from vineyards in the season of 2012 were usually characterised by lower acidity and higher sugar content, which affected the formation of the grape microbiota (Table 2) .
A maximum of cells in the grape musts was noted from the 6th to the 13th day (2012) and from the 4th to the 9th day (2013) of the process. The rapid growth of microorganisms at this stage of fermentation is confirmed by studies in the literature (Romano et al. 2003) . Afterwards, the count of yeast microbiota remained at a relatively constant level.
According to literature data, the yeast population has been on the decrease, yet it does not exhibit values lower than 10 availability on grape surface are conditions suitable for yeast growth. The occurrence of higher concentrations of sugar in grapevine fruit often explains the higher numbers of these microorganisms on damaged grapes (Barata et al. 2008) . The number of yeasts usually increases with the ripening of berries, especially after véraison. It may rise from 10-10 2 to 10 6 CFU g -1 (Renouf, Claisse and Lonvaud-Funel 2005; Raspor et al. 2006) . Therefore, a significant increase in the number of microorganisms after véraison is probably related to the damage of grapes. On the other hand, the slight reduction in the count of cells, occurring from the 6th to the 18th day of the process, could have been an effect of adverse environmental conditions during the ripening of berries. The analysed grapes originated from different vineyards with various microclimates and took up nutrients from different soils, which consequently was the reason for their varying chemical profile, including the contents of sugar, water or minerals and the acidity. Perhaps grapes obtained from the Srebrna Góra vineyard had a less favourable composition (nitrogen compounds), which impaired the growth of microorganisms. In addition, the decrease in the amount of microbiota could have been a result of the development of killer yeasts which, by releasing toxins to the environment, had an inactivating effect on most microorganisms.
A comparison of the quantitative composition of the yeast microbiota during two growing seasons reveals significant correlations. One of them is the higher content of microorganism in unfermented grape juices in the 2012 season, which certainly contributed to their higher count during the entire process. Undoubtedly, 2013 was less favourable for the growth of yeast microbiota on grapes. During that season, the microorganism content of grape musts was as much as four times lower than in the year before. The differences in the quantitative composition of the microbiota may be related to the different conditions of the local climate, soil and topography. Abbreviations: M1, grape must just pressed; M2, grape must at 1/5 sugar consumption; M3, grape must at 3/5 sugar consumption; M4, grape must at 5/5 sugar consumption.
Yeasts belonging to the genus Hanseniaspora belong to the largest group of non-Saccharomyces microorganisms present in spontaneously fermented grape must, usually constituting 50%-75% of isolates. Not so long ago it was considered that H. uvarum dominates in regions with warm or hot climates, while its anamorphic form, Kloeckera apiculata, is usually identified in colder regions. On the other hand, in temperate climate countries, both types occur with a comparable frequency (Zohre and Erten 2002; Jolly, Augustyn and Pretorius 2006) . However, it should be noted that discussing the diversity of yeasts found on grapes is very difficult. Relatively up-to-date data are provided by Barata, Malfeito-Ferreira and Loureiro (2012) and Deak (2007) . Unfortunately, a large part of older studies on the presence of microorganisms on grapevine fruit is no longer valid due to taxonomic uncertainty and the almost unmanageable number of synonyms (Brysch-Herzberg and Seidel 2015) . Some species belonging to Hanseniaspora genus show the ability to grow only under anaerobic conditions (Van de Water and Napa, 2009; Gobbi et al. 2014; Ciani et al. 2016) . It may be the reason why we could not identify them in the initial days of spontaneous fermentation in treatments obtained from the 'Rondo' cultivar during the 2013 season (Fig. 3) . It is worth noting that culture-dependent methods have some limitations. It also may be the reason for not identifying Hanseniaspora strains in grape musts obtained from the Rondo variety in 2013.
On the sixth day of fermentation, the Hanseniaspora spp. isolates constituted up to 95% of all microorganisms present in the treatments (Figs 3 and 4) . Literature data confirm such a high share of Hanseniaspora yeast in grape must, which may represent up to 99% of the whole microbiota (Ribèreau-Gayon et al. 2006; Barata et al. 2011; Moreira et al. 2011; Bagheri, Bauer and Setati 2015) .
Identification of yeasts
The aerobic conditions at the initial stage of fermentation promote the development of microorganisms of the genera Candida, Hanseniaspora, Metschnikowia and Pichia (Barata et al. 2011; Bezerra-Bussoli et al. 2013; Grangeteau et al. 2017) . The presence of Hanseniaspora yeasts in the grape must including mainly H. uvarum and H. guilliermondii (50%-75%), which is in agreement with previously obtained results (Rojas et al. 2003) .
In the final stage of spontaneous fermentation the presence of these cultures was not recorded. The vast majority of species belonging to the genus Hanseniaspora are sensitive to higher concentrations of alcohol, which is why along with the progress of fermentation they give way to yeasts of the genus Saccharomyces (Ribèreau-Gayon et al. 2006 ).
An assessment of the biological diversity of the yeast microbiota living on grape vine berries was carried out by Li et al. (2010) , who demonstrated that the dominant cultures comprised Candida species, including C. stellata, C. flavescens, C. quercitrusa and C. inconspicua. Our study found no presence of these microorganisms in freshly pressed grape juices, which may result from the cooler climate and the specificity of Polish grapes, whose malic acid content is higher. However, C. railenensis and C. oleophila strains were found, which is in agreement with the literature (Urso et al. 2008; Duarte et al. 2011; Ultee et al. 2013) .
Metschnikowia pulcherrima strains were dominated in fermented musts during two consecutive years. Along with the cultures of Hanseniaspora, Candida and Pichia, they constitute the microbiota present on fruits both in Asian countries and in Europe (Barata et al. 2011; Ženišová et al. 2014; Brysch-Herzberg and Seidel 2015; Bučková et al. 2018) . These microorganisms were found during the entire fermentation process in batches from all vineyards. Literature reports indicate that M. pulcherrima strains found during the entire process of spontaneous fermentation (Bisson and Joseph 2009 ) prefer a cooler climate with frequent rainfall (Barata, Malfeito-Ferreira and Loureiro 2012) . A higher percentage of M. pulcherrima during the entire process was noted in the musts obtained in the growing season of 2013. That year was characterised by cooler periods as well as excessive rainfall in the summer.
Analyses of the spontaneously fermenting grape musts indicated that C. railenensis yeasts were present during all growing periods. A high percentage of these strains was noted in musts at the initial stage of fermentation. Candida railenensis strains were previously isolated from Slovak wines (Brežná et al. 2010; Drumonde-Neves et al. 2017) . Slovakia, like Poland, belongs to zone A (the coldest) of wine growing zones in Europe. It can be concluded that this species may be one that occurs in the cool climate zone. In 2013, during the initial 48 h of the process, it was found that yeasts of the genus Candida accounted for up to 30% of all isolates from the batches obtained from both analysed grape vine varieties. The high percentage of the Candida strains at that stage of the process is supported by studies mentioned in the literature (Lambrechts and Pretorius 2000; Beltran et al. 2002; Jolly, Augustyn and Pretorius 2006) .
Pichia membranifaciens was isolated from the spontaneously fermenting musts. It was shown that they are present at the initial stages of the process, when the alcohol content of wine does not exceed 4%-7% vol. (Beltran et al. 2002; Di Maro, Ercolini and Coppola 2007; Moreira et al. 2008 ). On the other hand, other sources report that they are also present at the end of fermentation (Díaz et al. 2013) . Pichia membranifaciens strains were isolated both during the intense proliferation of cultures and at the logarithmic and stationary stages. The obtained results are supported by the literature (Clemente-Jimenez et al. 2004; Díaz et al. 2013) .
The presented research revealed the presence of Z. meyerae and N. ishiwadae cultures. They were previously isolated from grapes and fermented musts as well as the vineyard environment (Barata et al. 2008; Sipiczki 2016, Boynton and Greig 2016) .
Strains of the genus Saccharomyces were the second largest group of microorganisms isolated during spontaneous fermentation of grape musts. These yeasts are best recognised in terms of their structure, physiology and metabolism. They are rarely identified on grape vine fruits, and more frequently on the usable surfaces of the vineyard (Setati et al. 2012; Bokulich et al. 2014; Taylor et al. 2014; Padilla, Gil and Manzanares 2016; Sipiczki 2016) . During spontaneous fermentation they suppress other cultures, and take over the environment (Cocolin, Bisson and Mills 2000; Beltran et al. 2002; Wang et al. 2015) . All isolates were classified as the species S. cerevisiae. It has long been known that they are responsible for metabolising grape sugar to alcohol, and play an important role in the production of secondary metabolites, aroma and taste typical for wine (Jolly, Augustyn and Pretorius 2006; Renault et al. 2015; Rollero et al. 2015) . In spontaneously fermented musts, the occurrence of Saccharomyces cultures was noted from the 18th day of the process, depending on the vineyard. Rapid proliferation of these microorganisms, accompanying the dieback of the Hanseniaspora population, was noted. At the final stage of spontaneous fermentation, the content of Saccharomyces cultures in the analysed musts ranged from 75% to 90%. In a study carried out by Combina et al. (2005) , the strains of the genus Saccharomyces were noted as early as on the 2nd day of spontaneous fermentation of the grape juice, and on the 30th day their count reached 100%. Díaz et al. (2013) found the presence of cultures of S. cerevisiae and S. bayanus not only at the final and intermediate stages but also at the initial stage of the process.
CONCLUSION
Musts obtained from the red varieties 'Rondo' and 'Regent' proved to be a favourable environment for the growth of microorganisms. The growing season of 2013 proved to be the least favourable for the growth of microorganisms on grapes, which resulted in their smaller number in the batches during spontaneous fermentation. The grapes harvested in 2013 were characterised by a lower sugar content and higher acidity, as compared to the 2012 season, which could have contributed to a reduction in the number of microorganisms. During the process, there was a succession of following groups of microorganisms. It was initiated by Hanseniaspora strains which, with the progress of spontaneous fermentation, were replaced by Saccharomyces cultures. The Metschnikowia, Candida and Pichia yeasts were identified at both the beginning and the end of the process. Candida railenensis yeast was isolated during spontaneous fermentation. These strains were not identified in a warm climate, while they were isolated from grapes of cool climate in Polish and Slovakian wines. It can be concluded that this species may be one that occurs only in a cool climate zone.
